Abstract. Rheumatoid arthritis (RA) is a complex genetic disease. The lectin, galactoside-binding, soluble, 3 (LGALS3) gene, encodes a member of the galectin family of carbohydrate binding proteins, and is one of the best examples of a non-human leukocyte antigen gene associated with a risk for RA in various populations. In the current study, the association between LGALS3 rs4652 gene polymorphism and RA was examined. This case-control study was performed on the 120 patients with RA and 120 healthy subjects. Genomic DNA was extracted from whole blood, and gene polymorphism was tested using a tetra-primer amplification refractory mutation system-polymerase chain reaction. The results demonstrated that LGALS3 rs4652 AC genotype increased the risk of RA (OR=11.622, 95% CI=4.473-28.656; P=0.001) when compared with the AA genotype. However, the CC genotype and the C allele were not associated with RA. These findings indicated an association between LGALS3 rs4652 variation and the risk of RA in a sample of Iranian individuals. Further studies with larger sample sizes and populations of different ethnicities are required to validate our findings.
Introduction
Autoimmune diseases are a clinically diverse group of complex diseases that include rheumatoid arthritis (RA), juvenile idiopathic arthritis, type 1 diabetes mellitus, multiple sclerosis, systemic lupus erythematosus, psoriasis and psoriatic arthritis. These diseases affect 4% of the global population (1) and common treatments include administration of non-steroidal anti-inflammatory drugs, such as aspirin, corticosteroid drugs, methotrexate and anti-rheumatic drugs, including gold compounds.
RA is a systemic chronic immuno-inflammatory disease of unclear etiology involving progressive and destructive polyarthritis in association with serological evidence of auto-reactivity leading to persistent and progressive synovitis (2) . Although the exact etiology of RA remains unknown, the interaction of immunological, genetic, infectious agent, environmental and hormonal factors has been demonstrated to contribute to its pathogenesis (3) . Circulating antibodies, particularly the rheumatoid factor and anti-citrullinated protein antibody (ACPA), are important in the pathogenesis of RA (4) . Synovial fibroblasts, macrophages, natural killer cells, T CD8 + and T CD4 + lymphocytes, B lymphocytes and plasma cells actively contribute to the inflamed synovium (4).
However, genetic risk factors do not fully justify the occurrence rate of RA; therefore, the role of environmental factors must also be considered. Environmental factors, such as weather, endemic microbes, lifestyle and diet are significantly associated with RA. For example, smoking, by individuals who express one of the predisposing alleles of RA, has been recognized as a risk factor for RA and contributes to the generation of ACPA (5) .
Genetic studies are useful for determining predictive factors for diagnosing patients, and numerous studies regarding the genetics of RA have been performed (6) (7) (8) . It is assumed that genetic factors account for 60% of the cause of RA susceptibility. The human leukocyte antigen (HLA)-DR4 allele associated with major histocompatibility complex (MHC) class II and other relevant alleles were recognized as the major genetic risk factors in the occurrence of RA. Recent studies have revealed that there is a very close association between MHC and the presence of ACPA. In certain Korean populations, which are HLA-DRB1-0405 or HLA-DRB1-0901 heterozygotes, the risk of RA susceptibility was found to be particularly high (4) . However, HLA locus contributes to 30-50% of the genetic component of RA susceptibility (4 (9) . Galectin-3, a unique member of the galectins family, which has a CRD to identify the carbohydrate in its C-terminal, and the N-terminal domain, which is required for secretion (10) . Galectin-3 has been identified in cells, such as activated macrophages (11) , fibroblasts (12) , dendritic cells (13) , eosinophils (14) , mast cells (15) and osteoblasts (11, 16) . Galectin-3 within the cell is important for regulation of post transcription of mRNA in the nucleus (17) , cell growth (18) and protecting cells from apoptosis via Fas and tumor necrosis factor (TNF) (19, 20) . Additionally, galectin-3 contributes to phagocytosis by macrophages (21) , and galectin-3 deficient macrophages are incapable of phagocytosis of IgG-coated red blood cells and apoptotic cells (21) . In a previous study, galectin-3 was introduced as an opsonin, which facilitates the clearance of apoptotic neutrophils (21) . In addition, the role of galectin-3 in the morphogenesis and angiogenesis of endothelial cells has been demonstrated (22) .
There are various single nucleotide polymorphisms in LGALS3 that affect its gene expression. For example, LGALS3 rs4644 C allele has recently been demonstrated to be associated with the risk of RA in a population from Taiwan (23). Thus, due to the role of the LGALS3 gene in the pathogenesis of various types of autoimmune disease, including RA, it presents as a suitable candidate for genetic studies. Therefore, the present study aimed to evaluate the possible association between LGALS3 rs4652 A/C genetic variation and the risk of RA in an Iranian population.
Materials and methods
Subjects. The present case-control study was performed on 120 patients (104 female, 16 male) with RA (mean age, 44.6±12.9 years) who fulfilled the American College of Rheumatology (ACR) criteria for RA (24) . All the subjects were patients of the Rheumatology Clinic at Zahedan University of Medical Sciences (Zahedan, Iran) (25) (26) (27) . The control group consisted of 120 healthy individual (76 females, 44 male; mean age, 43.2±10.3 years) who were not related to the RA patients. The Ethics Committee of Zahedan University of Medical Sciences approved the project, and informed consent was obtained from all patients and healthy individuals. Blood samples (3 ml) from patients and healthy control subjects were collected in EDTA-containing tubes. The characteristics of the subjects participating in the study are presented in Table I .
DNA extraction and polymerase chain reaction (PCR).
Genomic DNA was extracted from the peripheral blood samples that had been collected into tubes containing EDTA, as described previously (25) . The LGALS3 polymorphism was determined by a tetra-primer amplification refractory mutation system-PCR (tetra-ARMS PCR). Two external primers (forward outer, 5'-GGCTTATCCTGGACAGGC ACCTC-3' and reverse outer, 5'-TTTTTGACTCTACCAA CATACACCCAT-3') as common primer for control of PCR reaction and the two internal primers (forward inner, 5'-CATCTTCTGGACAGCCAAGTGTCA-3' specific for A allele and reverse inner, 5'-AGTGGCAGGGTAGGCTCC AGG-3' specific for C allele) were designed and used. Product sizes were 203 bp for the A allele, 157 bp for the C allele and 314 bp for the control outer band. The PCR was conducted using a commercially available PCR premix (AccuPower PCR PreMix; Bioneer Corporation, Daejeon, Korea) according to the manufacturer's instructions. Template DNA (1 µl; ~100 ng/µl), 0.6 µl of each inner forward and reverse primer (10 µM) and 1.5 µl of each outer forward and reverse primer (12 µM) and 14.8 µl DNase-free water were added into a 0.2-ml PCR tube containing the AccuPower PCR PreMix. PCR cycling condition for LGALS3 were as follows: 95˚C for 5 min followed by 30 cycles of 30 sec at 95˚C, 40 sec at 67˚C, and 30 sec at 72˚C, with a final step at 72˚C for 10 min. PCR products were visualized on 2% agarose gel containing 0.5 µ/ml ethidium bromide, and images were obtained (Fig. 1) . To ensure the tetra-ARMS-PCR genotyping quality, random samples were sequenced. The genotypes determined by PCR were concordant with those determined by sequencing (Fig. 2) .
Statistical analysis. Statistical analysis was performed using SPSS version 18 software for windows (SPSS, Inc., Chicago, IL, USA). The possible associations between the LGALS3 genotypes with RA were assessed by computing the odds ratio (OR) and 95% confidence intervals (95% CI) from logistic regression analyses. P<0.05 was considered to indicate a statistically significant difference.
Results
LGALS3 rs4652 polymorphism data. The present study included 120 patients with RA and 120 healthy subjects. The genotypes and allele frequencies of LGALS3 rs4652 polymorphism are presented in Table II . A significant difference was identified between the groups regarding LGALS3 rs4652 polymorphism (P=0.001), suggesting that the AC genotype was a risk factor for RA (OR=11.622, 95% CI=4.473-28.656; P=0.001). However, the rs4652 C allele was not a risk factor for RA (OR=0.653, 95% CI=0.069-6.198; P=0.710). In addition, the possible association between LGALS3 rs4652 and gender and ethnicity was examined. The current data indicated no 
Discussion
In the present study the possible association between LGALS3 Figure 1 . Electrophoresis pattern of tetra-primer amplification refractory mutation system-polymerase chain reaction for detection of LGALS3 polymorphism. rs4652 (+292 A/C) gene polymorphism and the risk of RA was investigated. To the best of our knowledge this is the first study to investigate this polymorphism (LGALS3 rs4652) in an Iranian population. The results of the current study demonstrated that rs4652 AC genotype significantly increased the risk of RA in the Iranian population that was evaluated. RA is a chronic systemic disease, which is characterized by inflammation, alterations in the humoral and cellular immune responses, and synovial hyperplasia. Galectins are key in various pathologic conditions, including metastasis of tumor cells, autoimmune diseases and inflammation. The galectin-3 gene is composed of six exons and encodes a 32-kDa protein (28) . Along with a number of surface receptors, galectin-3 activates lymphoid and myeloid cells, which results in interleukin (IL)-2 production in T lymphocytes (29) and IgE production in B lymphocytes (30) . Furthermore, galectin-3 increases the production and release of free superoxide radicals in neutrophils and monocytes contributing to RA progression (31) . Galectin-3 has been identified in the synovial tissue of patients with RA, and it is considered to be a positive regulator of proinflammatory chemokine and cytokine production (32) . Increased expression levels of galectin-3 in the synovial tissue of RA patients promotes the production of proinflammatory chemokines, such as IL-6, granulocyte-macrophage colony-stimulating factor, TNF, C-X-C motif chemokine ligand 8, C-C motif chemokine ligand 2, CCL3 and CCL5 (33) (34) (35) , all of which contribute to the inflammation, swelling, stiffness and joint destruction characteristics of RA. Therefore, blocking of galectin-3 is suggested as a potent strategy for the treatment of RA patients.
Previous studies have shown that galectin-3 performs different roles in various types of tissue and cell (11) . In addition, galectin-3 has been associated with certain extracellular functions (36, 37) . Galectin-3 within the cell is important for mRNA splicing in the nucleus (17) , regulating cell growth (18) , and protecting cells from death by Fas-induced apoptosis (19, 20) and TNF (38) . In addition, galectin-3 is known as an opsonin in clearing apoptotic neutrophils by macrophages (21) . Furthermore, in rats with arthritis induced by collagen, increased expression levels of galectin-3 in peripheral monocytes have been reported (39) .
In the current study, the results demonstrated that the frequencies of AA, AC, and CC were 5, 94.2 and 0.8% in RA patients, and 35, 55.8 and 9.2% in the control subjects. Our findings showed that the prevalence of the AC genotype in patients with RA (94.2%) was significantly higher than in the control group (55.8%), hence the rs4652 AC genotype was a risk factor for RA in the population investigated in the current study (OR=11.7). In contrast to our results, a study by Hu et al (23) indicated that the frequencies of LGALS3 rs4652 AA/AC/CC genotypes were 33.1, 47.7 and 19.2%, respectively in RA patients, and 47.3, 38.5 and 14.3% in the control subjects. The LGALS3 +292 C allele predisposed subjects to RA in a dominant genotype. Subjects that carried the LGALS3 +292C allele (+292AC or CC genotypes) were more susceptible to RA when compared with subjects with the +292AA genotype (OR=1.8 and 95% confidence interval=1.2-2.8; P=0.009). In addition, the frequency of the C allele in the RA patients was identified to be 29 (19.2%) and 26 (14.3%) in the control group demonstrating a significant difference between groups (P=0.043) (23) .
Hu et al (23) indicated that expression levels of cellular galectin-3 with the CC genotype in macrophages tended to be higher than those of the other genotypes. Furthermore, the authors showed that increased galectin-3 expression is associated with defective monocyte apoptosis in JIA. Such evidence highlights the important function of intracellular galectin-3 in the pathogenesis of RA (23) .
In conclusion, the current study demonstrated that LGALS3 rs4652 AC was a risk factor for RA in a southeastern Iranian population and patients with this polymorphism may be susceptible to more severe clinical signs. Further studies with larger sample sizes are required to confirm these results.
